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ABSTRACT 


•s 


v  , 

A  TPE  (Elexar  8614Z)  material  was  selected  from  several  candi¬ 
dates  for  evaluation  in  completed  cable  form.  A  second  cable  with 
higher  heat  resistance  capability,  using  silicone  insulation,  was 
also  evaluated.  The  objective  was  to  produce  a  finished  cable  with 
a  weight  savings  of  15%  or  better,  with  no  loss  of  significant  prop¬ 
erties  from  the  standard  cable  specified  by  Drawing  #13222E8995. 


A  weight  savings  of  21%  was  achieved  conforming  to  the  required 
specification.  The  jacket  material  utilized  was  polyurethane,  produc¬ 
ing  a  thinner  layered  construction  over  the  standard  cable.  The  per¬ 
formance  of  this,  as  a  sheath  material,  was  excellent  when  tested  to 
the  requirements  of  MIL-C-13777G. 
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I.  INTRODUCTION: 


The  present  cables  used  In  the  Patriot  Missile  System  utilize  silicone 
rubber  with  braided  glass  reinforcing  as  the  primary  insulation.  The  cable 
jacket  is  a  black  two  layer  reinforced  polychloroprene  (Artie  Neoprene  ma¬ 
terial).  These  cables  weigh  approximately  two  pounds  per  foot  and  are  in 
portable  use  in  the  field.  To  be  considered  mobile  with  this  weight  factor, 
seventy  five  foot  lengths  are  the  limit  that  can  be  carried  by  personnel. 

The  primary  objective  of  this  contract  is  to  reduce  the  weight  of  the  cable, 
thus  allowing  longer  spans  for  interconnection. 

One  approach  for  reducing  the  weight  for  this  large  cable  construction 
is  to  consider  foam  as  the  primary  insulation.  However,  in  this  particular 
cable,  where  flame  retardants  are  of  great  importance,  a  number  of  problems 
must  be  evaluated.  Very  little  work  has  been  done  to  foam  flame  retarded 
insulation  systems.  The  only  exceptions  are  the  unfilled  reactive  systems 
that  are  inherently  flame  retarded.  Materials  like  Halar  (ECTFE)  were  look¬ 
ed  at  as  candidates.  For  economic  reasons  other  existing  filled  flame  re¬ 
tardant  systems,  as  well,  were  examined.  Successfully  foaming  filled  systems 
could  achieve  a  cost  reduction  along  with  a  weight  reduction. 

Reducing  the  weight  of  the  jacket  is  a  major  part  of  the  examination 
of  cable  weight  reduction.  Block  copolymers  that  are  new  materials  with 
flame  retardants  and  other  good  properties  for  wire  and  cable  have  inher¬ 
ently  lower  specific  gravity  and  are  part  of  the  project. 

Brand-Rex  has  considerable  research  facilities  for  material  develop¬ 
ment  and  testing.  In  addition,  it  has  fully  equipped  process  development 
and  analytical  laboratories.  Brand-Rex  also  has  experience  in  a  broad 
field  of  polymer  systems  and  manufactures  a  number  of  products  using  this 
technology. 
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OBJECTIVE: 


The  objective  of  this  contract  is  to  develop  a  power  cable  in  the 
configuration  of  drawing  //13222E8995  (See  Fig.  3,  P.  8  )  that  is  lighter 

in  weight  than  the  standard  cable  using  silicone  rubber  and  neoprene. 

The  properties  of  the  cable  should  not  be  significantly  altered  as  deter¬ 
mined  by  the  qualification  tests  MIL-C-13777,  Table  II  of  MIL-W-16878/8 , 
and  flammability  test  of  Appendix  A,  (DAAK  70-81-C-0190) . 

Comparison  tests  are  to  be  made  with  neoprene/silicone  constructions 
in  the  areas  of  abrasion  and  tear  resistance,  oil  &  grease  resistance,  flam¬ 
mability,  low  temperature  flexibility,  and  thermal  stability.  The  following 
are  properties  in  consideration  along  with  the  above. 

1.  WEIGHT  -  Weight  reduction  of  15%  relative  to  the  standard  cable, 

drawing  # 13222E8995.  Insulation  and  jacket  systems  con¬ 
sidered  . 

2.  FLAMMABILITY  -  Cables  evaluated  in  full  scale  performance  tests. 

3.  FUEL  &  OIL  RESISTANCE  -  Comparable  to  the  performance  of  neoprene. 

4.  TOXICITY  -  Consideration  of  toxic  hazard. 

5.  TEMPERATURE  -  Range  of  temperature  for  flexibility  is  -45°C  to  +71°C. 

6.  CURRENT  CARRYING  CAPACITY  -  Per  standard  cable  drawing  //13222E8995. 


SUMMARY : 


Six  (6)  different  insulat ion/ jacket  material  systems  were  prepared  and 
tested  as  a  comparison  to  the  currently  used  silicone/Neoprene  cable  systems. 
Materials  were  selected  for  their  inherent  properties  of  low  specific  gravity 
and  toughness  that  allows  a  design  of  thinner  wall  constructions  and  smaller 
size  cable.  A  summary  of  these  materials  is  found  in  Table  1.  Weight  and 
performance  comparisons  on  candidate  materials  are  shown  in  Tables  2  thru  1A. 
PRIMARY  INSULATION: 

FLUOROPOLYMERS : 

A  calculated  weight  comparison  of  f luoropolymers  using  a  reduced  wall 
revealed  a  reduction  of  15.1%  with  ethylene  chlorotrif luoroethy lene  (ECTFE- 
Halar)  alone.  (See  Table  2)  However,  it  was  decided  that  f luoropolymers  are 
too  rigid  for  use  in  mobile  power  cable.  Cellular  ECTFE  insulation  improves 
the  weight  reduction  up  to  20.9%  (See  Table  7)  but  low  strength  properties 
(low  elongation)  make  this  form  of  the  material  unreliable.  In  addition, 
difficulty  was  found  in  processing  with  consistency  with  large  conductor  sizes. 

ACRYLIC  ELASTOMERS: 

Ethylene/Acrylic  elastomer,  a  new  advanced  engineering  polymer,  was  con¬ 
sidered  for  its  physical  and  thermal  capabilities  as  a  replacement  for  silicone. 
At  a  lower  specific  gravity  (1.12)  and  capability  for  reduced  wall,  it  was 
evaluated  and  found  to  be  suitable  if  the  continuous  operating  temperature 
remained  below  150°C,  (See  Table  13)-  However,  the  electrical  properties  are 
not  adequate  for  the  voltage  rating  in  cable  use. 

TPE : 

A  block  co-polymer  based  upon  styrene-butylene-styrene  with  flame  re¬ 
tardant  additives,  known  as  Elexar  861AZ  was  selected  as  the  primary  insulation 
on  one  of  the  prototype  cables.  Basic  properties  were  examined  and  found  that 
physical  properties  of  this  material  are  adequate,  but  thermal  resistance  roust 
be  considered  for  the  application  (See  Product  Literature  P.  20  thru  22). 
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JACKETS : 


TPE  (8614Z)  as  a  jacket  was  found  superior  in  mechanical  properties 
to  neoprene  but  having  minor  deficiencies  in  oil  resistance  and  tension 
set,  (See  Table  9).  This  consideration  in  jacket  properties  allows  for  a 
reduction  in  jacket  sheath  thickness,  making  it  a  good  candidate  material. 

A  new  TPE  from  Monsanto  (Santoprene)  was  considered  as  an  improve¬ 
ment  over  the  Shell  TPE  (Elexar) .  However,  the  low  flame  resistance 
properties  required  incorporating  additives,  which  added  too  much  weight, 
offering  little  advantage.  (See  Tables  10  and  11). 

Another  block  co-polymer  based  upon  styrene-butylene-styrene,  known 
as  Kraton  G,  was  selected  for  flexibility  and  low  specific  gravity.  It, 
was  formulated  to  improve  flame  resistance  to  an  oxygen  index  of  27  and 
resulted  in  losses  in  tensile  strength,  tension  set,  and  oil  resistance 
(See  Table  12),  Hence,  it  was  eliminated  as  a  candidate. 

Recent  improvements  in  flame  retardant  polyurethane  renew  interests 
in  this  material  as  a  replacement  for  neoprene.  It  matches  or  exceeds 
neoprene  in  every  property  catagory  except  oil  resistance  (slab  analysis). 
Oil  breakdown  shows  a  loss  of  20%  compared  with  neoprene,  but  still  well 
within  the  requirements  of  Fed-Std-228  for  sheath  materials.  The  tension 
set  is  at  the  limit  of  the  specification  which  encompasses  elastomerics. 
Polyurethane  is  classed  as  a  TPE  polymer,  not  a  thermoset.  Its  physical 
properties  far  exceed  neoprene  for  endurance  and  still  performs  at  low 
temperature  and  in  fire  conditions,  (See  Table  14)«  This  allows  a  50%  re¬ 
duction  in  the  sheath  wall,  along  with  a  lower  specific  gravity,  and  over¬ 


all  cable  diameter. 


TABLE  1 

MATERIALS  EVALUATED  FOR  LIGHTWEIGHT  CABLE  (SLAB  DATA) 


MATERIAL 

REPLACE 

COMPOUND  TO 
IMPROVE 

S.G. 

DEFICIENCIES 

SBS  (ELEXAR) -SHELL 

NEOPRENE 

FLAME 

1.17 

OIL  RESISTANCE  - 
121°C  TENSION  SET 

SANTOPRENE-MONSANTO 

NEOPRENE 

FLAME 

1.31 

PHYSICAL  PROPERTIES 

SBS  (KRATON) -SHELL 

NEOPRENE 

FLAME 

1.17 

TENSILE  STRENGTH 

OIL  RESISTANCE 

ETHYLENE/ACRYLIC 
ELASTOMER  (VAMAC) 

DU  PONT 

SILICONE 

AS  PREPARED 

BY  MANUFACTURER 

1.12 

THERMAL  RESISTANCE 

ECTFE  (HALAR)- 
ALLIED 

SILICONE 

AS  PREPARED 

BY  MANUFACTURER 

1.70 

FLEXIBILITY 

POLYURETHANE 

(ESTANE)-B.F. 

GOODRICH 

NEOPRENE 

AS  PREPARED 

BY  MANUFACTURER 

1.23 

TENSION  SET  (SLAB  DATA) 

REFERENCE: 

NEOPRENE 

1.34 

DISCUSSION  AND  RESULTS : 

Three  (3)  prototype  cables  were  built  as  illustrated  on  Page 
8.  They  are  referred  to  as  Cables  I,  II  and  III  for  further  dis¬ 
cussion.  Cable  III  is  the  current  cable  used  in  the  field  and  is 
the  reference  for  comparison. 

A  cable  was  built  similar  to  Drawing  II 13222E  8995  (Fig.  1, 

P.  8)  utilizing  a  TPE  type  insulation  Elexar  8614  Z  (See  Note  1). 

This  cable  is  referred  to  as  Cable  I.  All  primary  insulation  tests 
were  performed  and  met  the  requirements  of  MIL-W-16878/8,  except 
for  heat  resistance.  The  temperature  requirements  for  the  slash  8 
specification  are  derived  from  silicone  insulations,  which  are  be¬ 
yond  the  capability  of  TPR  types.  Hence,  a  lower  aging  test  temper¬ 
ature  of  160°C  was  added. 

The  sheath  material  used  was  polyurethane  (Estane  58202).  The 
prototype  Cable  I  was  manufactured  to  1.340"  diameter  and  the  weight 
was  1556  pounds/1000  feet.  The  results  in  savings  of  weight  was  cal¬ 
culated  as  29%;  the  actual  weight  savings  measured  24%. 

A  silicone/neoprene  cable  selected  from  a  previous  production 
run  (Drawing  II 13222E  8995  -  Cable  III)  was  used  for  a  thermal  per¬ 
formance  test,  in  order  to  verify  the  need  for  high  temperature 
materials.  The  test  was  set-up  and  performed  at  Cable  Technology 
Laboratories,  Inc.  (New  Brunswick,  N.J.)  in  order  to  study  temper¬ 
ature  distribution  at  full  load  operating  conditions;  full  ampacity 
in  a  71°C  ambient  environment.  Steady  state  was  reached  after  two 
(2)  hours  and  revealed  temperatures  up  to  162°Cf  (See  Thermal  Per¬ 
formance  Report  P.  5).  This  is  well  above  the  safe  operating  level 
for  TPR  materials.  However,  thirty  (30)  minutes  of  continuous 
service  would  be  suitable  for  TPR  if  this  were  actual  time  of 
operation. 

s' 


NOTE  1;  Elexar  is  a  trade  name  for  Shell  Chemical  Thermoplastic  Elastomer 


DISCUSSION  AND  RESULTS  (Coin'd.): 

TPE  primary  tests  -  all  test  results  are  listed  on  page  9. 
Nonconforming  properties  were  experienced  in  heat  resistance  as 
mentioned  above  and  elongation  on  the  16  AWG  yellow  and  green 
insulations.  However,  other  performance  properties  were  not 
affected  as  a  result. 

Cable  Tests  -  Cable  I  did  not  conform  to  the  benu  and  twist 
tests  in  13777  at  room  temperature,  however,  it  passed  at  -45°C. 

In  every  case,  a  16  AWG  component  failed  the  bend  test  at  ambient 
temperature.  It  was  determined  to  be  due  to  stresses  caused  by 
immobility  of  the  smaller  wire  in  the  outer  layer.  It  was  decided 
not  to  retest  Cable  I,  due  to  heat  resistance  deficiencies  found 
in  electrical  load  tests  mentioned  above.  The  performance  of  the 
polyurethane  sheath  was  excellent  in  all  properties  tested  per 
MIL-C-13777.  The  tension  set  property  improved  in  the  cable  form, 
probably  due  to  the  orientation  during  the  extrusion  process. 

Another  cable  fabricated  with  silicone  primary  insulation 
utilizing  the  same  polyurethane  sheath  material  (used  in  Cable  I) 
was  constructed  as  a  comparison  with  the  above  prototype.  This 
cable  is  referred  to  as  Cable  II.  Historically,  silicone  primary 
insulation  has  performed  adequately  for  the  required  sustained 
electrical  load.  Therefore,  no  insulation  tests  were  performed 
for  qualification.  Finished  cable  tests  listed  under  section  F,  on 
P.  10  and  P.  11  were  performed  on  Cables  I  and  II  for  comparison. 

The  small  16  AWG  component  failed  the  ambient  bend  test  as  in  Cable  I. 
Again,  this  component  is  not  mobile  as  evidenced  by  fraying  of  glass 
fiber  covering.  The  weight  and  diameter  differential  is  as  follows: 


PERCENT* 

WEIGHT/ 100  FEET  REDUCTION  _ DIAMETER 


CALCULATED 

ACTUAL 

CALC. 

ACTUAL 

CALCULATED 

ACTUAL 

CABLE 

I  TPE/ URETHANE 

139.7 

155.6 

29 

24 

1.320 

1.340 

CABLE 

II  SILICONE/ URETHANE 

166.2 

163.0 

16 

21 

1.430 

1.450 

CABLE 

III  SILICONE/NEOPRENE 

197.1 

206.0 

— 

— 

1.650 

1.690 

FIRE  TESTS:  All  Cables  I. 

at  the  70,000 

II  and  III  met 
BTU/Hr.  input. 

the  requirements  of 
A  complete  summary 

IEEE-383 
is  given 

Tray  Fire  Test 
on  Page  18  6  19. 

*  BASED  UPON  CABLE  III. 


p 


FIGURE  1 
CABLE  I 

1.320"  OUTSIDE  DIAMETER 


NYLON’  FILLER 


JACKET-URETHANE  58202  __ 

INSULATION  TPE  (ELEXAR-8614Z) 
NO.  6  AWG  _ 


-  NO.  1  AV.'C 

_  NO.  16  AKG 

_ BINDER  ALUMINUM/ MY LA  I 

SHIELD-TIN  COPPER-BRAID 

- BINDER  ALUMINUM/ MY LA; 


FIGURE  2 
CABLE  II 

1.430"  OUTSIDE  DIAMETER 


1.650"  OUTSIDE  DIAMETER 
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3UALIFICAT ION  TESTS  -  COMPLETED  CABLE 


A.  CONDUCTOR  Per  MIL-C-13777  &  13222E3995 

1  AWG  OD  (IN.) 

DCR  (£/ 1000') 

CMA 


REQUIRED 

.365 

.154  Max. 
81,700  Non. 


RESULT 

.365 

.128 

88,709 


6  AWG  OD  (IN.) 

DCR  (f./lOOO’) 
CMA 


.210 

.445  Max. 
26,818  Norn. 


.211 

.376 

30,073 


16  AWG  OD  (IN.) 

DCR  (fj/1000’) 
CMA 


.057 

4.81  Max. 
2,426  Nom. 


.056 

4.45 

2,577 


B.  INSULATION  Per  MIL-W-16878/8  (Elexar  8614Z) 


4.6.14 


Tensile  Strength  Method  3021  FED-STD-228  (PSI) 


700  Min. 


1400-183- 


4.6.15 


Elongation  Method  3031  FED-STD-228  (%) 


125  Min. 


100-458 


4. 6. 2.1 


C.  INSULATED  WIRE  Per  MIL-W-16878/8  (Elexar  8614Z) 
Spark  Test  Method  6211  FED-STD-228  (Kv) 


4.6.3 


Dielectric  Strength  2  Hr/25°C 
Insulation  Resistance  2  Hr/25°C 


3  Kv-1  Minute 


Method  6031  FED-STD-228  (M  H-1000’) 


500  Min. 


190,000-409,000 


4.6.10 


Heat  Resistance  3  X  Diameter  Mandrel 


96  Hr / 180°C 
96  Hr/150°C 


3  Kv-1  Minute  FAIL  Softens 


3  Kv-1  Minute 


Shrinkage  (IN.) 


1/8  Max. 


0-1/8 


4.6.6 


Cold  Bend  Method  2011  FED-STD-228 


4  Hrs/-45°C 


3  Kv-I  Minute 


4.6.12 


4.6.11 


Solder  Shrinkage  Method  8231 
FED-STD-228  Immerse  600°F  (IN.) 
Flammability  60°  30  Sec.  Appl. 
(Seconds  Afterburn) 


1/8  Max. 


30  Max. 


(Inches  Travel) 


3  Max. 


1.25  -  1.75 


4.6.8 


Surface  Resistance  Method  6041 


FED-STD-228  96  Hr/25°C/95%  R.H.  (0) 


5  Min. 


23,000  -  500,000 
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D.  CODING  MATERIAL  Per  MIL-C-13777 

Stripe  Durability  and  Stripe  Conductivity 

E.  SHEATH  Per  MIL-C-13777  (Estane  58202) 


REQUIRED 


RESULT 


N/A  -  All  Solid  Colors 


4. 5. 3. 1.1 

Tension  Set  Method  4411 

FED- STD- 601  2-6  (IN.) 

3/8 

(Max. ) 

3/16-1/8 

4. 5. 3. 1.2 

Ultimate  Elongation  Method  3031 

FED-STD-228  (%) 

300 

(Min . ) 

716 

4. 5. 3. 1.3 

Tensile  Strength  Method  3021 

FED-STD-228  (PSI) 

1800 

(Min. ) 

2920 

4. 5. 3. 1.4 

Tear  Strength  Method  3011 

FED-STD-228  (///IN. ) 

20 

(Min. ) 

100 

4. 5. 3. 2 

Accelerated  Aging  Method  4011 

FED-STD-228  94  Hrs. /70°C/0.300  PSI 

♦ 

18  Hrs. / 121°C 

Tensile  Strength  (PSI) 

1600 

(Min. ) 

2788 

Ultimate  Elongation  (%) 

250 

(Min. ) 

700 

4. 5. 3. 3 

Oil  Resistance  Method  4221 

FED-STD-228 

Tensile  Strength  Retention  (Z) 

60 

(Min.) 

94.7 

Elongation  Retention  (%) 

60 

(Min. ) 

110.4 

4. 5. 2. 4 

Marking  Durability  .025"  Diameter 

Mandrel  500  G.M.  (Cycles) 

250 

(Min. ) 

PASS  at  250 

F. 

CABLE  Per  MIL-C-13777 

CABLE  I  CABLE  II 

4. 5. 4. 1.1 

Impact  (6  Specimens)  48  Hrs/71°C  (Cycles) 

200 

PASS  PASS 

48-Hrs/-45°C  (Cycles) 

100 

PASS  PASS 

4. 5. 4. 1.1 

Bend  (3  Specimens)  48  Hrs/71°C  (Cycles) 

2000 

260-1500*  300-1500: 

48-Hrs/-45°C  (Cycles) 

1000 

PASS  PASS 

10 
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F. 

CABLE  Per  MIL-C-13777  (Cont'd.): 

REQUIRED 

RESULT 
CABLE  I 

RESULT 
CABLE  IT 

$.%.$.L.L 

Twist  (3  Specimens)  48  Hrs/71°C 

2000 

260-704* 

PASS 

48-Hrs/-45°C  (Cycles) 

1000 

PASS 

PASS 

4. 5. A. 2. 2 

Voltage  Test  60  lU,  400  1  Min.  (Volts) 

2000 

PASS 

PASS 

4. 5. 4. 2. 3 

Insulation  Resistance  Method  6031 

FED-STD-228  200  V  Min. 

See  Part  C 

CONFORMS 

CONFORMS 

4. 5. 4. 1.3 

Cold  Bend  Torque  71°C/48  Hrs. 

48-Hrs/-54°C  8.4"  Diameter 

N/A** 

53  Ft.// 

67  Ft  .it 

4.5.4. 1.4 

Ozone  Resistance  11.2"  Diameter  Mandrel 

ASTM-D- 1149-64  (1970)  (7  Days  .5  RPM)  50°C 

No  Cracks 

PASS 

PASS 

*  In  each  case  the  cable  failure  resulted  from  loss  in  electrical  continuity  in  the 
16  AWG  component.  The  conductor  itself  fractured  without  insulation  or  jacket 
failure  (See  Photo  Page  11a).  Restrictions  in  slippage  of  this  component  in  the 
flex  tests  impairs  movement  and  build-up  of  stress  occurs  when  the  surface  friction 
is  higher  at  the  high  test  temerature.  Variation  on  bend  cycle  failure  -  most  fail¬ 
ures  occur  on  components  in  the  proximity  of  the  filler  opposed  to  those  next  to  the 
No.  6  AWG  component.  The  position  of  these  components  on  the  mandrel  is  random  in 
the  test  allowing  variation  in  the  results.  The  filler  allows  mobility  of  the  No.  16 
AWG  wires  out  of  position,  whereas  the  No.  6  wire  firms  the  position  of  the  small  com¬ 
ponents. 

**  No  specification  sheet  for  this  construction  in  MIL-C-13777. 


CONCLUSIONS  AND  RECOMMENDATIONS: 

If  the  power  cable  operates  at  full  ampacity  beyond  thirty 
(30)  minutes  at  an  ambient  of  71°C,  high  temperature  silicone 
insulation  is  adequate  for  the  application  and  should  continue  to 
be  used.  Heat  resistance  of  TPE  is  inadequate  at  the  operating 
temperature  examined  in  the  tests. 

Failure  of  the  16  AWC  component  is  probably  due  to  improper 
slippage  surface  to  surface.  Additional  saturant  on  the  silicone 
glass  construction  will  improve  this  condition.  A  shorter  lay 
length  will  also  improve  the  situation,  however,  an  increase  in 
cable  size  could  result  and  increase  the  weight.  Additionally, 
the  use  of  a  strength  member  in  the  AWC  #16  component  may  solve 
the  failure  problem  in  the  bend  test. 

Urethane  sheath  material  should  be  considered  as  a  replace¬ 
ment  ''  neoprene  to  reduce  size  and  weight.  Urethane  exhibits 
superior  properties  over  neoprene  in  most  categories  and  the  cost 
differential  should  not  be  significant. 

FUTURE  WORK: 

Additional  thermal  load  tests  should  be  made  to  evaluate  the 
effect  of  continuous  service  temperatures  on  the  sheath  material. 
The  reduction  of  the  wall  on  the  cable  reduces  the  thermal  resis¬ 
tance  and  should  improve  the  heat  transfer  rate, conductor  to  atmo¬ 
sphere.  Another  future  project  of  interest  would  be  to  develop  a 
silicone  insulation  with  improved  physical  properties.  This  would 
allow  a  reduction  of  the  wall  thickness  in  the  primary  insulation 
and  give  a  possible  future  weight  saving. 
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TABLE  2 

WEIGHT  COMPARISON  -  SILICONE  REPLACED  WITH 
FLUOROPOLYMER  AT  REDUCED  WALL 


WEIGHT  0/1,000  FT. 


CABLE  COMPONENT 

SILICONE 

FEP 

HAI.AR 

I  (X3) 

1030.29 

995.29 

921.33 

II  (XI) 

120.62 

109.21 

103.95 

III  (X4) 

56.36 

48.28 

44.44 

FILLERS,  TAPES  & 

SHIELD 

228.00 

214.60 

214.60 

NEOPRENE  JACKET 

611.79 

452.80 

452.80 

TOTAL 

2047.06 

1780. 18 

1737.12 

///FT. 

2.04 

1.78 

1.74 

%  LOSS 

12.7 

15.1 

TABLE  3 

WEIGHT 

COMPARISON  -  SILICONE 

REPLACED  WITH 

FLUOROPOLYMER  AT 

REDUCED  WALL  PLUS  NEOPRENE  REPLACED 

WITH  TPE 

WEIGHT  It/ 1,000  FT. 


CABLE  COMPONENT 

SILICONE 

FEP 

HALAR 1 

I  (X3) 

1030.29 

955.29 

921.33 

II  (XI) 

120.62 

109.21 

103.95 

III  (X4) 

56.36 

48.28 

44.44 

FILLERS,  TAPES  &  SHIELD 

228.00 

214.60 

214.60 

TPR  JACKET 

538.74 

406.50 

406.50 

TOTAL 

1974.01 

1733.88 

1690.82 

///FT. 

1.97 

1.73 

1.69 

7.  LOSS 

3.5 

15.3 

17.4 

TABLE  4 

WEIGHT  COMPARISON  -  SILICONE  REPLACED  WITH 

FOAM  FLUOROPOLYMER 

WEIGHT  It/1,000  FT. 

FOAMED 

FOAMED 

CABLE  COMPONENT 

SILICONE 

FEP 

HALAR 

I  (X3) 

1030.29 

952.44 

936.54 

II  (XI) 

120.62 

107.28 

104.96 

III  (X4) 

56.36 

45.33 

43.80 

FILLERS,  TAPES  &  SHIELD 

228.00 

228.00 

228.00 

NEOPRENE  JACKET 

611.79 

611.79 

611.79 

TOTAL 

2047.06 

1944.84 

1925.09 

It/ FT. 

2.04 

1.94 

1.92 

Z  LOSS 

- 

5.0 

6.0 
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TABLE  5 

WEIGHT  COMPARISON  -  SILICONE  REPLACED_WITH 
FOAM  FLUOROPOLYMER  PLUS  NEOPRENE  REPLACED  WITH  TPE 

WEIGHT  It/ 1,000  FT. 

FOAMED  FOAMED 

CABLE  COMPONENT  SILICONE  FEP _  HALAR 


I  (X3) 

1030.29 

952.44 

936.54 

II  (XI) 

120.62 

107.28 

104.96 

III  (X4) 

56.36 

45.33 

43.80 

FILLERS,  TAPES  &  SHIELD 

228.00 

228.00 

228.00 

TPR  JACKET 

538.74 

538.74 

538.74 

TOTAL 

1974.01 

1871.79 

1852.04 

///FT. 

1.97 

1.87 

1.85 

%  LOSS 

3.5 

8.6 

9.5 

TABLE  6 

WEIGHT  COMPARISON  -  SILICONE  REPLACED  WITH 
FOAM  FLUOROPOLYMER  (REDUCED  WALL) 

WEIGHT  // /1,000  FT. 


CABLE  COMPONENT 

SILICONE 

FOAMED 

FEP 

FOAMED 

HALAR 

I  (X3) 

1030.29 

876. 12 

868.69 

II  (XI) 

120.62 

96.87 

95.71 

III  (X4) 

56.36 

45.08 

43.72 

FILLERS, TAPES  &  SHIELD 

228.00 

214.60 

214.60 

NEOPRENE  JACKET 

611.79 

442.60 

442.60 

TOTAL 

2047.06 

1675.47 

1665.32 

///FT. 

2.04 

1.68 

1.66 

%  LOSS 

- 

18. 1 

18.6 

TABLE  7 


FOAMED 

WEIGHT  COMPARISON  -  SILICONE  REPLACED  WITH 

1  WITH  TPE 

FLUOROPOLYMER  (REDUCED  WALL)  1 

PLUS  NEOPRENE  REPLACED 

WEIGHT  /// 1,000  FT. 

FOAMED 

FOAMED 

CABLE  COMPONENT  SILICONE 

FEP 

HALAR 

1  (X3) 

1030.29 

876.12 

868.69 

II  (XI) 

120.62 

96.87 

95.71 

III  (X4) 

56.36 

45.08 

43.72 

FILLERS,  TAPES 

AND  SHIELD  228.00 

214.60 

214.60 

TPR  JACKET 

538.74 

396.30 

396.30 

TOTAL 

1974.01 

1628.97 

1619.02 

tf/FT. 

1.97 

1.62 

1.62 

X  LOSS 

3.5 

20.4 

20.9 

TABLE  8 

PERFORMANCE  DATA  -  EXPANDED  ECTFE  (HALAR  505) 


TENSILE  STRENCTH 
ULTIMATE  ELONGATION 
SPARK  TEST  AT  3  Kv 
4  Kv 
3  Kv 

DIELECTRIC  WITHSTAND 


1639  PSI 
50  % 

PASS 

PASS 

FAIL 

3.2  Kv/1  Minute 


TABLE  9 

PERFORMANCE  COMPARISON  -  NEOPRENE  AND  TPE  (ELEXAR  8614Z) 


ELEXAR  8614Z 

NEOPRENE  (T-682) 

TENSILE  STRENGTH  (PSI) 

2498 

2398 

ELONGATION  (2) 

550 

317 

TENSION  SET  (INCHES) 

1-7/16 

1/16 

TEAR  STRENGTH  (///INCHES) 

36.1 

17.5 

OXYGEN  INDEX  (%) 

32.0 

27.8 

ACCELERATED  AGING  (%  RETENTION) 

TENSILE 

80 

80 

ELONGATION 

91 

100 

OIL  RESISTANCE  (%  RETENTION) 

FED. STD.  UL 

FED . STD . 

UL 

TENSILE 

55  80 

100 

100 

ELONGATION 

36  100 

81 

90 

*  Brand-Rex  Designation  for  Artie  Neoprene. 


TABLE  10 

PERFORMANCE  COMPARISON  -  NEOPRENE  AND  TPE  (SANTOPRENE  COMPOUNDS) 


NEOPRENE  _ SANTOPRENE 


T-682 

201-73 

201-80 

201-87 

TENSILE  STRENGTH  (PSI) 

2173 

1011 

1224 

1766 

ELONGATION  (%) 

300 

117 

92 

384 

OIL  RESISTANCE  (%  RETENTION) 
TENSILE 

99 

83 

103 

82 

ELONGATION 

92 

100 

90 

52 

TENSION  SET  (INCHES) 

1/16 

1-3/4 

1-1/2 

1-1/16 

TEAR  STRENGTH  (///INCHES) 

20.5 

17.1 

26.2 

48.6 

OXYGEN  INDEX 

27.9 

21.1 

20.7 

19.3 

ACCELERATED  AGING  (%  RETENTION) 
TENSILE 

92 

89 

99 

102 

ELONGATION 

117 

64 

82 

104 
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TABLE  11 

PERFORMANCE  DATA  &  FORMULARITY  -  SANTOPRENE  200-87 


MATERIALS: 

COMPOUND 

3L-7A 

3L-7B 

3L-7C 

SANTOPRENE  200-87 

66.5 

59.5 

51.5 

ANTIMONY  OXIDE 

10.0 

12.0 

15.0 

DECHLORANE  +25 

20.0 

25.0 

30.0 

IRCANOX  1010 

1.5 

1.5 

1.5 

CYANOX  LTDP 

1.0 

1.0 

1.0 

ZINC  OXIDE 

1.0 

1.0 

1.0 

TOTAL 

100.0 

100.0 

100.0 

SPECIFIC  GRAVITY 

(CALCULATED)  GM/CC 

1.18 

1.24 

1.33 

SPECIFIC  GRAVITY 

(MEASURED)  GM/CC 

1.14 

1.21 

1.31 

OXYGEN  INDEX 

22.6 

24.7 

27.2 

TABLE  12 

PERFORMANCE  DATA  &  FORMULARITY  -  KRATON  G 


COMPOUND 


MATERIALS : 

3L-8A 

3L-8B 

3L-8C 

3L-8D 

KRATON-C 

62.0 

42.0 

39.0 

32-0 

POLYETHYLENE  EVA 

31.0 

21.7 

18.7 

16.7 

CYANOX  LTDP 

1.0 

1.0 

1.0 

1.0 

IRGANOX  1010 

1.3 

1.3 

1.3 

1.3 

TMPTMA  (X-LINKER) 

3.7 

3.0 

3.0 

3.0 

ACE  RITE  RESIN  -  D 

1.0 

1.0 

1.0 

1.0 

ANTIMONY  OXIDE 

- 

10.0 

12.0 

15.0 

DECHLORANE  +25 

- 

20.0 

24.0 

30.0 

TOTAL 

100.0 

100.0 

100.0 

100.0 

OXYGEN  INDEX  (%) 

19.2 

25.2 

27.0 

30.1 

TENSILE  STRENGTH  (PSI) 

2206 

1603 

1640 

1218 

ULTIMATE  ELONGATION  (Z) 

558 

525 

500 

458 

OIL  RESISTANCE  (Z  RETENTION) 
TENSILE 

21 

18 

20 

25 

ELONGATION 

103 

106 

103 

109 

TENSION  SET  (INCHES) 

5/16 

8/16 

9/16 

10/16 

TEAR  STRENGTH  (///INCHES) 

48.8 

41.5 

37.2 

35.9 

ACCELERATED  AGING  (Z  RETENTION) 
TENSILE 

102 

102 

104 

101 

ELONGATION 

98 

90 

92 

89 

SPECIFIC  GRAVITY  (GM/CC) 

.94 

1.12 

1.17 

1.24 

PERFORMANCE  COMPARISON  -  ACRYLIC 

TABLE  13 
ELASTOMER 

(VAMAC) 

AND  SILICONE 

RUBBER 

VAMAC  N-123  SILICONE  RUBBER 


TENSILE  STRENGTH  (PSI) 

1675 

1350 

ULTIMATE  ELONGATION  (Z) 

550 

375 

HEAT  AGING  7  DAYS/200°C  (Z 

RETENTION)  OF  ELONG. 

54 

66 

4  DAYS/250°C  (X 

RETENTION)  OF  ELONG. 

14 

40 

TEAR  RESISTANCE  (0/ INCHES) 

225 

130 

16 


TABLE  14 

PERFORMANCE  COMPARISON  -  NEOPRENE  AND  POLYURETHANE  (SLAB  ANALYSIS) 


PROPERTY 

NEOPRENE 

T-682 

ESTANE 

58890 

ESTANE 

58202 

TENSILE  STRENGTH  (PSI) 

2168 

2533 

3652 

ELONGATION  (%) 

300 

600 

671 

OIL  RESISTANCE  (%  RETENTION) 
TENSILE 

100 

86 

78 

ELONGATION 

95 

101 

103 

TENSION  SET  (INCHES) 

1/16 

7/16 

6/16 

TEAR  STRENGTH  (///INCHES) 

19.5 

94.5 

116.2 

OXYGEN  INDEX  (%) 

27.6 

31.5 

31.0 

ACCELERATED  AGING  (%  RETENTION) 
TENSILE 

87 

85 

87 

ELONGATION 

100 

106 

98 

17 


BRAND-REX  COMPANY 
GAS  BURNER  TRAY  FLAME  TEST 


SAMPLE : _ CABLE  I _ DATE : 

70,000  BTU  FLAME  TEST 


Burning  Characteristics 

Time  To  Ignition:  0  sPrnnri« 

l 

T  ime 
Min. 

Temperature 

°F 

Flame  Height 

Ft. 

Maximum  Flame  Heiqht:  4.0  Ft- 

Flame  Type  {Even  or  Uneven): 

1 

1500 

2.0 

Afterburn  Characteristics 

Time  of  Afterburn:  2.0  Min. 

2 

1525 

3.5 

3 

J525 _ _ 

_  -4.H 

4 

1500 

3.0 

Maximum  Jacket  Char.  Height:  37" 

Maximum  Insulation  Char.  Heiqht:  20" 

5 

1525 

2.  5 

6 

2.5 

7 

_ 1525-  . 

.  2.0- 

1500 

2.0 

9 

1525 

9.0 

tntKur  ust 

Pressure 

In.  of  H?0 

Air  1.6 

u 

Flow 

SCFH 

147.5 

10 

1500 

2.0 

11 

1500 

2.0 

12 

1525 

1.5 

13  -1 

1500 

1  .  5 

14 

1500 

ti 

Propane  .4 

29. 5 

15 

1500 

1_ _ 1.5- _ 

16 

1525 

1.5 

1 

2508  BTU/CU  FT  X  29.5  SCFH  PROPANE=  71  9ft*  BTU/HR| 

17 

1500 

1.5 

18 

1525 

. 2.5 _ 

19 

1500 

2.0 

20 

1500 

1,5 _ 

Test  performed  on  unaged  samples  in 
accordance  with  IEEE  STD  383-1974, 
Para.  2.5  as  modified  by  Regulatory 
Guide  1.131. 

Start  39.375 

Finish  38.250 

Used  1.125 

21671  BTU/ HR  X  1.125  Lb.  y  60  Min=  73.139  BTU/HR 

20  Min. 

- - - - - - - - - — - - - — - - - 

Number  of  cables  in  tray:  4  (1  Layer) 

Cable  description: 


Page  1  of 


Tested  By  : 


21 
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BRAND-REX  COMPANY 
GAS  BURNER  TRAY  FLAME  TEST 


SAMPLE:  CABLE  II  _  _ DATE:  9/21/82 


70.000  BTU  FLAMF.  TEST 


Burning  Characteristics 

Time  To  Iqnition:  0  Seconds 

i 

T  ime 
Min. 

Temperature 

°F 

Flame  Height 

Ft. 

Maximum  Flame  Height:  3.5  Ft. 

Flame  Type  (Even  or  Uneven):  Even 

1 

1500 

2.5 

Afterburn  Characteristics 

Time  of  Afterburn:  90  Seconds 

2 

1525 

2.5 

3 

1500 

3.5 

4 

.  isnn 

5.0 

Maximum  Jacket  Char.  Height:  4  Ft.  1" 

5 

i  son 

5,0 

6 

i4sn _ 

_ 3—Q _ 

Maximum  Insulation  Char.  Heigh 

t:  27" 

7 

_ L425L _ _i 

_ 3~5 _ 

8 

1500 

7.5 

9 

1525 

2.5 

LI>iC.r\UT  uoc. 

Pressure 

In.  of  H20 

Air  1.6 

U 

Flow 

SCFH 

147.5 

10 

1  500 

7.5 

11 

1500 

3.0 

12 

1500 

VS  _ 

13 

_ 1550  _ 

3.0 

14 

2.  5 

1 

29.5 

15 

_ -.1500 _  1 

2.0  _ 

16 

1  500 

7  0 

2508  BTU/CU  FT  X  29.5  SCFH  PROPANE^  73,986  BTU/HR 

17 

1550 

2.0 

18 

1525 

2.0 

19 

1500 

2.0 

20 

1500 

2.0 

i 

Test  performed  on  unaged  samples  in 
accordance  with  IEEE  STD  383-1974, 
Para.  2.5  as  modified  by  Regulatory 
Guide  1.131. 

Start  33,750 

Finish  32,625 

Used  1.125 

21671  BTU/HR  X  1.125  Lb.  *  60  Min=73.140  BTU/HR 

20  Min. 

Number  of  cables  in  tray:  4  (i  Layer) 


Cable  description: 

NOTE:  Cable  has  dripping,  burning  particles  @  4  Minutes  Into  Test. 
Test  witnessed  by  Bill  Wood.  Pictures  taken  of  test. 


Tested  By 


Page 
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Estane 

Polyurethanes 


Product 

Date 

ESTANE  58202-021 


Flame  Retarded  Thermoplastic 


Polv  (Ether)  Urethane 


ASTM 

Typical 

Test 

Properties 

Procedure 

Tensile,  psi 

4700 

D412 

100%  Modulus,  psi 

850 

300%  Modulus,  psi 

1350 

Elongation,  % 

570 

Graves  Tear,  pli 

370 

D624 

Crescent  Tear,  pli 

460 

D624 

Hardness,  A-C-D 

87-58-41 

D2240 

Taber  Abrasion,  mgm  lose 

CS-17  wheel,  1000  gn,  1000  cycles 

6.2 

Vicat  B,  °C 

94 

D1525 

Brittleness  Temp  -  Below 

-70°C 

D746 

Gehman  RT  Modulus 

1250 

D1053 

t2 

-15°C 

T, 

-31oC 

T10 

t50 

-37°C 

-51°C 

1 100  _  , 

Freeze  Point 

-51°C 

Compression  Set,  22  hours,  RT 

23% 

D395 

Compression  Set,  22  hours,  70°C 

66% 

Specific  Cravity 

1.226 

**UL  Vertical  94  Flame  Test 

V-0 

Tha  BFGoodrlch  Company,  Chomleal  Group/6100  Oak  Tree  Blvd .  Cleveland.  Ohio  44131 


^Goodrich 

Chemical  Group 


Tfw  mformtfton  contoto*d  h*r*fn  >i  b*ftov*d  to  b*  r*fcabto  but  no  npnwnwcm,  guoroo- 
tM*  of  MraniiM  e<  any  kind  «•  mod*  as  to  M  occufacY.  MKVabtMy  f<v  pomeukv  (vpbcofK>ni 
or  too  to  bo  obtotood  to*r*from  Th#  information  M  borod  on  laboratory  wo*  wto  •mon¬ 

acal*  *qutom*nf  and  (torn  nol  nocofortfy  Mtooto  ond  product  podormonco  Bocoum  of  to* 
ttortoPorf  in  mvtoodi  CondMong  and  o^dpmont  m«d  commorcwdy  m  procotong  to*** 
m^ortob.  no  uommwi  or  guorontow  or*  mad*  o*  to  to*  Kntob.li>>  ot  to*  product!  for  to*  op- 
pbeanon*  dockMOd  FuN-acol*  to«nng  ond  *nd  product  pfformonc*  or*  to*  r«ipor\»tb*irfy  of 


to*  ut*  BFQoodnch*hoMnotb*l*abtofotondto*cu*tom*t  onum— olwfcondtiotoiliiyofonv 
um  or  hondhng  of  ony  matonai  b*yond  BFGoodnch  *  d**ct  control  THE  SELLER  MAKES  NO 
WARRANTIES.  EXPRESS  OR  IMPUED.  WCLUOWQ.  BUT  NOT  UMITEO  TO.  THE  trtPUEO 
WARRANTS  OF  MERCHANTABLE  AND  FITNESS  FOR  A  PARTICULAR  PURPOSE. 
Notomg  contotnod  h*r*tn  *  to  b*  contodfd  m  pomd—toA.  t*comm*ndotlon.  nor  o»  on  in¬ 
due  *n>*nt  to  ptocnc*  any  patontod  fnv*n*on  wttoout  pfmtMton  of  to*  patonf  o*n*r 
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RETENTION  COOC  70*400 


GLOSSARY 

BLOCK  CO-POLYMER 

Regular,  repeating  segments  of  different  monomers  in  a  polymer 

chain. 

ECTFE 

(Ethylene  Chlorotrif luoroethylene)  -  A  class  of  f luoropolymer 
material  used  for  insulation.  Reference  Halar  505. 

ELASTOMER 

Natural  or  synthetic  polymers  with  elastic  or  rubbery  properties. 
ETHYLENE  ACRYLIC  ELASTOMER 

Copolymer  of  ethylene  and  methyl  acrylate  plus  a  cure  site  mono¬ 
mer.  Used  in  applications  where  heat  resistance,  oil  resistance  and 
low  temperature  are  needed.  Reference  Vamac. 

FLUOROPOLYMER 

Paraffinic  structured  polymers  with  fluorine  atom  in  place  of 
hydrogen.  Notably  teflon. 

POLYCHLOROPRENE 

(Neoprene)  -  Synthetic  elastomeric  material.  Vulkanized  by 
heat  to  crosslink.  T-682  Neoprene  is  a  Brand-Rex  compounded  low 
temperature  material. 

POLYURETHANE 

Urethane  polymer  formed  from  isocyanates.  Considered  as  a  TPE. 
Most  frequently  used  as  a  jacket  material. 

SILICONE 

Semiorganic  polymer  with  elastomeric  properties.  Vulcanized 
by  heat  to  crosslink. 

TPE 

(Thermoplastic  Elastomer)  -  Polymers  having  elastomeric  proper¬ 
ties.  Used  as  thermoplastics  -  melt  formed  by  heat. 
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THERMAL  PERFORMANCE  OF 
PATRIOT  MISSILE  CABLE 

PURPOSE 

To  report  the  results  of  tests  performed  to  determine  the 
temperature  rise  of  cables  manufactured  in  accordance  with 
MIS-20076/1  subjected  to  maximum  specified  current  carrying 
capacity  when  operating  in  an  environment  of  71°C. 

CABLE  DESCRIPTION 

Flexible  power  cable  utilized  for  distribution  of  energy 
and  control  consisting  of: 

(a)  Three  (3)  #1  AWG  conductor  made  of  #30  AWG  tin 
coated  copper  strands. 

(b)  One  (1)  #6  AWG  conductor  made  of  #27  AWG  tin  coated 
copper  strands. 

(c)  Four  (4)  #16  AWG  conductor  made  of  #29  AWG  tin 
coated  copper  strands. 

The  above  conductors  were  rated  to  carry  maximum  currents 
as  follows: 

Conductor  Size  Maximum  Current- Amp. 


#1  AWG 
#6  AWG 
#16  AWG 


163 

75 

20 


Each  conductor  was  silicon  rubber  insulated  covered  with 
a  fiberglass  braid  jacket  followed  by  a  braided  shield  of  tinned 
copper  strands.  The  overall  cable  was  jacketed  by  a  two  layer 
reinforced  black  polychloroprene  (artic  neoprene)  having  a  nominal 
wall  thickness  of  0.156".  The  insulation  of  the  conductors  was 
rated  to  withstand  the  following  voltages: 

Conductor  Size  Test  Voltaqe-kV 

#1  AWG  20 

#6  AWG  18 

#16  AWG  15 

The  following  drawing  provides  a  graphic  description  of  the 
cable  submitted  for  tests. 
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TEST  REQUIREMENTS 


Brand-Rex  Company  requested  CTL  to  determine  and  plot  the 
increase  in  temperature  of  the  described  cable  and  to  establish 
the  steady  state  temperature  when  the  described  cable,  operating 
in  an  environment  of  71  °C,  is  loaded  simultaneously  with  the 
following  currents: 

163  Amperes  circulating  through  each  #1  AWG  conductor 
75  Amperes  circulating  through  each  #6  AWG  conductor 
20  Amperes  circulating  through  each  #16  AWG  conductor 

PROCEDURE 

A  long, non-magnetic  cylindrical  enclosure  was  prepared 
capable  of  maintaining  constant  thermal  conditions.  After  verifying 
that  the  temperature  inside  this  enclosure  could  be  maintained  at  a 
constant  71 °C  the  15  ft.  long  sample  supplied  by  Brand-Rex  was 
introduced  into  the  enclosure,  after  providing  it  with  two  groups 
of  thermocouples. 

Preliminary  heating  runs  allowed  to  establish  that  the 
temperature  at  the  location  of  measurements  was  not  affected  by  the 
test  set-up  configuration.  Additional  runs  were  performed  to  es¬ 
tablish  uniformity,  reproducibility  and  accuracy.  After  all  re¬ 
quirements  were  satisfied  the  final  loading  runs,  with,  results  as 
reported  herein, were  executed. 
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Table  1  -  Temperatures  Recorded  During  Final  Test 

Fig.  1  -  Location  of  Thermocouples 

Fig.  2  -  Temperature  Increase  with  Time  for  First 

Group  of  Thermocouples 

Fig.  3  -  Temperature  Increase  with  Time  for  Second 

Group  of  Thermocouples 


CONCLUSIONS 

1.  The  maximum  temperature  rise  of  the  cable  operating  in  a 
71 °C  environment  with  specified  currents  circulating  con¬ 
tinuously  are: 


Time  From  Start 

Temperature  Rise 

Cable  Temperature 

30  Minutes 

55°C 

126°C 

1  Hour 

75°C 

146°C 

2  Hours 

90°C 

161  °C 

2.  Steady  state  temperature  for  this  cable  is  reached  after 
approximately  two  hours  of  maximum  current  circulation. 
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TABLE  1 

TEMPERATURES  RECORDED  DURING  FINAL  TEST 


Thermocouple  No. 


Start  Time 
From 
(min. ) 

1 

2 

3 

4 

5 

6 

7 

Temperature 

(°C) 

0 

90 

89 

84 

71 

92 

90 

84 

10 

96 

95 

89 

71 

98 

97 

90 

20 

112 

111 

103 

71 

113 

112 

102 

30 

125 

124 

114 

71 

126 

125 

113 

40 

133 

133 

122 

73 

134 

134 

121 

50 

140 

139 

128 

74 

140 

140 

127 

60 

145 

144 

132 

75 

145 

145 

131 

70 

148 

147 

135 

76 

148 

149 

134 

80 

153 

152 

139 

77 

153 

153 

138 

90 

156 

155 

141 

78 

156 

156 

140 

100 

158 

156 

142 

77 

158 

159 

141 

110 

158 

157 

143 

76 

159 

160 

142 

120 

160 

159 

145 

75 

161 

162 

144 

130 

160 

159 

144 

73 

161 

162 

144 

140 

160 

159 

144 

72 

161 

162 

144 

Thermocouple  No. 


Figure  1  -  Thermocouple  Location 
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Figure  2  -  Temperature  Increase  with  Time  for  First  Group  of  Thermocouples 
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Figure  3  -  Temperature  Increase  with  Time  for  Second  Group  of  Thermocouples 
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